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論文内容要旨
                                 lNTRODUCTION
  Dopamine is the principal neurotransmitter in four major neural systems in the brain.
Among th em, the largest is the nigrostri atal pathway, which originates from dopamin e.
synthesizing neurons of the mid brain substantia nigra compl ex and innervates the dorsal
 striatum. Degen eration of this pa七hway leads to Parkinson 's disease, and an impaire 〔1
 dopamine metabolism is observed in pa七ients with infarctions in the basal ganglia、 These
pati ents frequently have swallowing disord ers, which cause substantial morbidity and
mortality due to asp iration pneumonia. With use of gene targeting technology, mice lacking
 the dopamine DI recep七〇r an(i dopamine synthesis were created. These mutant mice
 exhibi ted abnormal motor ac七ivities, feeding problems, and reduced substance P (SP)
 immunoreactive nerve fibers in the striatum. Kummer showed that there are some neu一
 rons that are positive for tyrosine 3-hy〔iroxylase but not for dopamine
the nodose ganglia, dorsal root ganglia, and sensory ganglia of the
 ne「v es in m any sPeci es includin9 9uinea P igs. Tyrosine 3-hydroxylase
 dopam ine synthesis and therefore it is likely tha七 neuro ns positive for
 produce dop amine. 丁且erefore, dop am ine signaling may regulate SP
ganglia where SP is synthesized and transported to the lung and the
tract.
production
 β 一hy(iroxylase in
910ssopharyngeal
 is important 三n
this enzyme can
        in these
upPer digesti ve
      Our previous study showed that (i epletion of SP by treatment with a large amount
of capsaicin and a NKI receptor (SP receptor) antagonist impaired the swallowing reflex
in guinea pigs. Taken together, these findings suggest that an inhibition of dopamine
may cause a re(iuction of SP content in the larynx and pharynx where the swallowing
refiex is triggered. To test this hypothesis, the effects of a specific inhibitor of dopamine
 DI receptor, Sch23390, 0n the swallowing reflex an〔i SP content in the laryngleal and
ph aryn geal m ucosa were investigated in guinea pigs.
                                    M ETHODS
  To measure the swallowing reflex of the guinea pig, a catheter (OD 3 mm) was
inserted through the mouth so that the tip of the catheter lay in the pharynx. In each
 an im al th ree different volumes in distilled water (0.2, 0、4, and O.6 ml) were injected in
 a random sequence a七 intervals of 5 min. Three injections were performed for each
volume of distilled water. The swailowing act was identified by submental electromyographic
 (EMG) activity and vi su al observation of 七he ch aracteristic laryngeal movement. The
response to injections of distilled water was analyzed in terms of the number of swa1-
lows elicited. The number of swε1110ws was counted for l min after the injection of
 disti且e (i water.
  To examine whether dopamine DI receptors modulate the swallowing reflex, anim als
were treated with subcutaneous injections of a selective dopamine DI receptor antagonist
 Sch23390 (200μg/kg) every 12 h for 7 days. The control animals were also trea七ed with
the vehicle of Sch23390 in a manner similar to that of Sch 23390 treatment. Responses to
the injection of distilled water were studied in two separate groups of animals 8h after
 七he last injection of either Sch23390 0r vehicle:1) animals without Sch23390 treatment
 (contro1, n= 10) and 2) animals with Sch 23390 treatment (n 二 10).
  To exam ine wheth er SP modul ates the sw allowing re fl ex, the effects of SP were teste(i
in 10 animals without Sch23390 treatment. SP was dissolved in distilled water, providing
10-fold incremental concentrations from lO-8 to 10-6 M. After the responses to three
different volumes of distilled water were examined, the effects of SP on the swallowing
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 reflex were stud ied. Inj ections of 〔iistille (i water containing SP in七〇 the pharynx through
 七he catheter were performed from the lower concentrations at intervals of 15 min.
However, three different volumes of distille(i water containing the same concentration of
SP were injected in a random sequence at intervals of 5 min. To determine the effect of
 SP on the time course of 七he swallowing reflex, 七he swallowing reflex with O.4 ml 6f
distilled water was measured at an interval of 3 min after the measurement of the
swallowing reflex with distilled water containing SP (0.4 m1, 10-6 M) in 10 animals
 without Sch23390 treatment. To determine whe七her an endogenous SP mediates distilled
 water-indu ced sw allowing, the effects of a specific NKI recep七〇r antagonist FK-888 were
 measu red in 10 animals wi 七hout Sch23390 trea七ment. The solu七ion of FK-888 (10-5 M,
 1 m1) or the vehicle of FK-888 was injected in七〇 the pharynx through the ca七heter.
Fi fteen minutes later, the an imals were challenged by three different volumes of distill ed
 water. The concentration of FK-888 used in 七he present study was maxim a工 ly effective
 for inhib iting SP-induced cough in awake guinea pigs、 SP-like immunoreactiv ity was
measured in animals Pretreated with and without Sch23390 (n=10 each).
                                    RESULTS
  Injections of distilled water caused a volume-dependent increase in the number of
swallows in animals without drug treatm ent. Chronic admini stration of Sch23390 0r
pretreatment with FK-888 (10-5 M) significantly decreased the number of swallows
 elicited by injections of three different volumes of disti工1ed water;greater effects were
 observed in the latter. However, nei七her an acute administration of Sch23390 (200μg/kg,
15 min) nor the vehicle of FK-888 (6.6±0.7 in O.2 m1, 7.8±0.6 in O.4 m1, and 9.2±0.8 in
 O.6 m1;P〉 0.20, n=10) significantly altered 七he number of swallows elicited by injec-
tions of all volumes of distilled water compared with that in animals without drug
treatment.
  The addition of SP in七〇 the {iistilled water showed a dose-dependent increase in the
 number of swallows compared with control values. SP (10-6 M) increased the number o£
swallows during the first 6 min, and the number of swallows had returned to the base-
line value 12 min after the administration of SP. SP-1ike immunoreactivi ties were signifi-
 cantly 工ower in the laryngeal and pharyngeal mucosa in anim als pre treated with Sch 23390
 compared with 七hose in anim als without Sch23390 treatment.
                        CONCLUSlON AND PERSPECTIVES
  The present study suggests th at systemic treatment with dopam ine DI re ceptor antago-
nist reduces SP in the laryngeal and pharyngeal mucosa, with the result that the swa1-
10wing reflex may be impaired in the guinea pigs.
  Because the ac七 〇f sw allowing is a fundamen tal defense mechan ism agains七 aspiration
of oropharyngeal contents into the respira to ry tract, impairment of the sw allowing
 reflex is one of the major reasons for the developmen七 〇f aspira七ion pneumonia. Swa1-
lowing (iisorder is a we11-recognized feature of Parkinson's disease. The characteristic
 neurolog ical signs of 七he disease result from degeneration in the pigm ented nuclei of 七he
central nervous system and selective depletion of dop am ine occurs in the neostriatum. It
 is now known that dopamine regulates SP produc七ion in the s七riatu m. SP also exists in
the endings of peripheral sensory nerves. Chronic treatment with a dopam ine DI receptor
antagonist decreases both the number of swallows elicited by distille(i water εlnd the
 amount of SP in the 工aryngeal and pharyngeal mucosa. Although precise mechanisms for
 an impaired swallowing reflex caused by an inhibi七ion of dopam ine activi七y are un cer.
 tain, it is tempting to speculate on the possible role of peripheraユ SP reguiated by
 dopamine-containing neurons to induce refユex swallowing.
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 審査結果の要旨
 本論文は, ドーパミンD1 受容体阻害薬 (Sch-23390) が末梢臓器の SP 濃度を減少させ嚥下反
 射を障害するか否か調べるために, Sch-23390 にて前処理 したモルモッ トに対 し麻酔下にカテー
 テルを通じて 0.2, 0.4, 0.6m1 の各種の量の蒸留水を咽頭に投与し, 誘発される嚥下の回数を調
 べた。 モルモットは2群に分けられ, 一方の群は 12 時間毎7日に渡って 200μg/kg の Sch-
 23390 を投与され, 対照群は同様のスケジュールで Sch-23390 を含まない溶媒を投与された。 嚥
 下の 回数 はお とがい下の筋電図と 喉頭運動の目視によ りおこなつ た。 対照群で は蒸留水の容量依
 存性に嚥下回数の増加がみられた。 一方, Sch-23390 にて処理 した群では蒸留水の容量に依らず
 嚥下回数は有意に減少 し, 外因性に投与された SP は嚥下回数を増加させた。 さらに SP 受容体
 阻害薬である FK-888 (10-5M, 1m1) を用いた場合, Sch-23390 以上に嚥下回数を抑制した。 次
 に Sch-23390 処理による喉頭・咽頭粘膜の SP 含有量への影響を調べてみると, Sch-23390 処理
 群では対照群に比 して喉頭・咽頭粘膜における SP の含有量が有意に減少 していた。 以上から ドー
 パミンD1 受容体を抑制することにより末梢臓器の SP 濃度は減少し嚥下反射が障害されること
 が示 唆され た。
 嚥下障害はパーキンソン氏病によくみられる症状であるが, この神経学的サイ ンは中枢神経系
 における色素神経核の変性と新線状体での ドーパミンの選択的減少の結果引き起こされる。 ドー
 パミンは線状体において SP の産生を制御する。 そして SP は末梢感覚神経の神経末端にも存在
 している。 刺激の入力に際し, 刺激を受けた感覚神経から被刺激部位とこの感覚神経の神経末端
 近傍に SP が放出される。 咽頭への蒸留水注入による嚥下反射の成立には, こうした局所的 SP
 放出が関与 していると考えられる。 継続的に ドーパミン Dl 受容体阻害薬を投与するこ とによ り,
 蒸留投与による嚥下反射の回数と喉頭及び咽頭粘膜における SP 量は減少 した。 ドーパミン活性
 を抑制することで嚥下反射が障害されるメカニズムは不明であるが, ドーパミン作動性ニューロ
 ンにより制御される末梢 SP が嚥下反射の誘導に働く可能性が推測される。 以上により, 本論文
 は博士論文に値するものと考え る。
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